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The problec! o f  a cone fl-orm aroucd  by a h p e r s o r 5 c  ?as 
VFS s o l v e d  i n  t h e  Cheng work E11 S y  t h e  ne t5od  of expans ion  hg 

snd.1 p a r m e t e r s  e=('Y-i)/('Y+i) and d=sina/s ins ,  rrhere 7 i s  t h e  

h e s t  c a p a c i t p  r a t i o ,  a is t h e  an@e o f  P t t F c k ,  T i s  t h e  semi-apedm 

a n z l e  of t h e  cone. I n  t h e  p r e s e n t  work t ' le s a s e  problem is s o l v e d  

by t h e  Sane ne thod .  A first a p n r o x i m t i o n  of  t h e  s o l u t i o n  is 05- 

8 

t a i n e d  wi th  its c o r r e c t i o n  i n  

t h e  vic_init-7 0 2  t h e  s u r f a c e  o f  

t h e  cone,  and a second a?-:roxi- 

n a t i o n  - f o r  t';e I;)re,ssure. But 

t h e  r e e u l t s  o b t d n e d  show a 

d e 7 a r t u r e  f r o -  t 5 o s e  o f  ref. [I]. 

1. - L e t  11s c o z s i d e r  t h e  flow around a c i r c u l a r  cone r i t h  semi- 
apertrZre Z 5g a hororenous  hy-sersonic qas f low at a~ acrle of 

a t t a c l r  ti, i n  a z - - h e r i c a l  svstem of c c o r 6 i n a t e s  r ,  iY, (3 wit11 t ' ie 

axis c o i n c i d i n r  w i t h  t h z t  o f  t h e  cone ( s e e  T i c u r e ) .  

de shall desi--nate  by u+,U+,x&t::e v e l o c i t y  v e c t o r  co .--o:rrts 

i n  t h e  d i r e c t i o n  or incrc;Fe r ,  +,a; bv p+ ,  9 ;  r c - - w c t i v e l y  tile 

m c e s u r e  a i d  den,ci tv .  
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2. I 
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The q u a n t i t y  of x o t i o n ,  c o n t i 2 u i t g  m d .  er?e:--y er  7i.akions 

w i l l  take t h e  fora 

E e r e  
I = cos 6 = [I - sin2 r (I + E ~ ) ~ I ’ / z  I 

T h e  I”lO\ti e round  co i id i t i on  e t  the E:zi-fFce of k k e  cone is 

v = o  at e = o .  

€or t h e  x e s e n r 3 t i o n  

of t h e  mass: 
e,+ I [pv - Ia sin o + (I + ~ 0 + )  cos a] = G - [pw - E cos 01 

1 + E0+ 
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. -  2. - .,e see? t>e s o l u t i o n  i n  the 2orx OS s e r i e s  by- E and d 

o f  t h e  t y n e  
p ='poo + PI& + po1a + Pa&'+ pueo + m2 + *.. (2.1) 

*/. 
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(2.5) 
I 

- .  .. 3 .  - Thc e'-tro-w. co..;-;utec. 2;-  t h e  r c , c u l t s  i n  :he ::-rzt ~.?r)ro- 

x i : - z < t i c n ,  takes a v a r i a b l e  value a t  t h e  s a r f p c e  o_" t l - e  cone, whFck 

i m l i e s ,  t h a t  t h e  s o l u t i o n  obtpinec2 by t h e  r i v e n  nethoc? i s  not  v P l i d  

i n  t h e  v i c i n i t v  o f  t h z  s u r f a c e  of the cone [ Z ,  31. 

It is  sho:-m j.n [13 t h a t  t h e  e n t r o a y  122:- be r e n r e s e n t e d  i n  

t b e  fix-st aP- - rox inz . t l on  i:i t h e  forn 

-1 ; r o c  -Lhc bonnc'ery con . i -c icn  f o r  e r t r o - y  c e  can c 'e terr l ine 

t h e  c o n s t a n t s  S o ?  S 1 0  and t h e  f u n c t i o n  S ( 6 ) .  The c o q u t - t i o n s  01 
Tive 

(3.2) 1 - P = 1 + k + E [k + 2 (1 + k) In (1 + k)] +- 25 cos t I - P  - 
PY 4 + t2 



U t i l i z i n z  t h e  3 e r n o u l l i  i n t e g r a ,  vie o b t a i n  

E 1 - 6 2  
2 1+c2 

u cos r --(1 + k)sin z t g T  - 5 sin*t - 13.4) 

Beyond t h e  v i c i n i t y  o f  t h e  c o n e ' s  s u r f a c e  t h e  ex i2ress ions  

(3.2) and (3.4) pass i n t o  t h e  e x p r e s s i o n s  from (2.3) c o r r e s p o n d i n g  

t o  them. Fie o b t a i n e d  i n  t h i s  way t h e  f i r s t  a ? z r o x i x x t i o n  f o r  t h e  

s o l u t i o n  of t h e  problem of  h y p e r s o n i c  gas flow around a c i r c u l a r  

cone. I n  t h e  e x p r e s s i o n s  o b t a i n e d  h e r e  for t h e  d e n s i t y ,  s h a p e  of 

t h e  shock  v i n e ,  c i r c u l a r  c e l o c i t y  and D r e s s u r e ,  t h e  term w i t h  

n (1 + k) a r e  a b s e n t .  T h i s  is where t h e  de-C>arture ma in ly  m a n i f e s t s  

i t s e l f  from t h e  r e s u l t s  of t h e  work c11, and a t  t h e  same time, w h i l e  

t k i s  terzi  i s  p r e s e n t  i n  t h e  e - p r e s s i o n  f o r  e n t r o n y ,  i t  is nbsen t  i n  

t h e  Cheng's work. 

I n  t h e  p a r t i c u l a r  case when 6 s  0, t h e  o b t a i n e d  first aywo-  

x i n a t i o n  corresponC-s t o  t h e  r e s u l t s  of t h e  work [43 
It i s  p r o b a b l e  t h a t  t h e  e r r o r  in C??eng's results o c c u r r e d  because  o f  

i nc o r r e  c tlv c o npu t e d e n  t r o q  . 
by Chernyy. 

I n  c o n c l u s ~ o n ,  I zi2 , r r a t e f d  t o  E. I:. Bulairh f o r  s e t t i n g  ~ 7 3  

t h e  problem alzd f o r  t h e  d l s c u s s i o n  of t h e  r e s u l t s .  

Received on 5 J ~ l g  1?62. 
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